We have studied the pH and the temperature effects on copper ions' adsorption on natural and treated clays from Algeria. The clay was also treated to improve the adsorption capacity. X-ray diffraction identified montmorillonite and kaolinite as major clay minerals. The Langmuir adsorption model was used for the mathematical description of the adsorption equilibrium and the equilibrium data adhered very well to this model. The treated and natural clay had a monolayer adsorption capacity equal to 15.40 and 12.22 mg/g, respectively, at pH value of 6.5 and temperature 20 W C, the adsorption isotherms could be fitted with Langmuir isotherms, and the coefficients indicated favorable adsorption of Cu(II) on the clays. Determination of the thermodynamic parameters, H, S, and G showed that the adsorption process was spontaneous and exothermic accompanied by a decrease in entropy and Gibbs energy. Results of this study will be useful for future scale-up for using this material as a low-cost adsorbent for the removal of Cu(II) from wastewater.
INTRODUCTION
The removal of heavy metals from water and wastewater is important in protecting public health and the environment (Bellir et al. ) . Many industrial activities such as metal plating, industry fertilizer, mining operations, metallurgy, manufacturing batteries, and dyeing in textile industries introduce heavy metals into the environment via their waste effluents (Benzina ) . Precipitation, ion-exchange, ultrafiltration, membrane separation, and adsorption are the usual methods for the removal of heavy metal ions from aqueous solutions (Boddu et al. ) .
Owing to its simplicity and easy operational conditions, adsorption is a widely used process. In this study, we report the adsorption of Cu(II) from aqueous solutions on natural and activated clays.
In continuation of previous works carried out in this field, in the present work, a more efficient method for modification of the clay was studied. One of the objectives of this study was to evaluate the effect of this modification on the capability and mechanism of Cu(II) adsorption from water by the produced adsorbent.
MATERIALS AND METHODS

Preparation of Na-montmorillonite
The natural clays were washed several times with distilled and deionized water and were completely dispersed in water.
After 7 h at rest, the dispersion was centrifuged for 1 h at 2,400 rpm. The size of the clay particles obtained was 2 mL. were identified by XRD (Figure 1 ).
Infrared spectroscopy study
The IR spectra of the natural and activated samples were recorded over the spectral range 400-4,000 cm À1 . In fact, The high intensity of the peak appearing at 1,039 cm À1 is an indication of the large amount of this mineral in the sample.
Thermo-gravimetric analysis
The thermal analysis diagrams for natural and activated ). The dispersions were filtered, and the copper concentration was determined by spectrophotometry at a wavelength of 805 nm (visible spectrophotometer using KBr disc method). The amounts of Cu(II) adsorbed were calculated from the concentration differences.
Effect of pretreatment on adsorption
The increase of the adsorption capacity of Cu(II) ions added is shown in Figure 5 . In addition, it is clearly seen that the adsorption capacity, for adsorption of Cu(II) on activated clay was significantly higher than adsorption on natural clay from the aqueous solution.
Up to 50 mg/g and 27.5 mg/g of Cu(II) was successfully adsorbed by activated and natural clay. This again reveals that a part of Cu(II) ions was bonded by cation exchange on the negative surface sites. The involved mechanism was the exchange of proton hydrogen ions of the activated clay 
Adsorption isotherms of Cu(II) on the natural clays and
activated clay is shown in Figure 5 .
Effect of pH on adsorption
Adsorption of heavy metal ions is often pH dependent 
Effect of temperature on adsorption
The Langmuir isotherm showed a fit with the experiment data (Figures 8 and 9 ). With increased temperature, the adsorption of Cu(II) increased (Figure 8 ) (Benzina ) confirming that the process was exothermic. For the activated clay, the same effect was observed ( Figure 9 ).
Chemical composition of the natural clay and activated clay is shown in Table 1 . 
Adsorption isotherms
The Langmuir model is the simplest and the most commonly used model to represent the adsorption from a liquid phase by a solid phase (Boddu et al. ) . This model assumes a monolayer adsorption.
The obtained adsorption data were fitted by the linearized Langmuir equation:
where C eq is the equilibrium adsorptive concentration in solution, X m the monolayer capacity, (x/m) is the specific amount, and b is related to the adsorption energy.
The parameters derived from the least-squares fitting of the isotherms by the linearized Langmuir equation are given in Table 2 .
The monolayer capacity (X m ) for activated and natural clay was 15.40 and 12.22 mg/g, respectively. The higher b value of natural clay compared with that of activated clay
showed that the adsorption of copper ions on the raw clay required more energy.
Thermodynamic parameters
The thermodynamic parameters for the adsorption of Cu(II)
by natural and activated clay, such as the enthalpy change (ΔH W ), the Gibbs free energy change (ΔG W ), and the entropy change (ΔS W ), can be calculated from the variation of maximum adsorption with temperature (T ) using the following basic thermodynamic relations (Seki & Yurdakoc ) : (2), the mean value of the enthalpy change due do the adsorption of Cu(II) by natural and activated clay over the temperature range studied can be determined graphically by the linear plotting of ln K ads against 1/T using the least squares analysis shown in Figure 10 .
The mean enthalpy change can be determined from the slope of the straight line. The variation of Gibbs free energy and entropy change with temperature can be calculated using Equations (3) and (4), respectively; the results are shown in Table 3 . An important result obtained from 
